Literature on virilising ovarian tumors (VOTs) is limited to case reports and series reporting single pathological type. We have analyzed the clinical, hormonal, radiological, histological, management and outcome data of VOT. This retrospective study was conducted at a tertiary health care center from Western India. Consecutive patients with VOT presenting to our endocrine center between 2002 and 2017 were included. Our study included 13 patients of VOT. Out of 13 patients, two were postmenopausal. All patients in the reproductive age group had secondary amenorrhea except one who presented with primary amenorrhea. Modified F and G score (mFG) at presentation was 24 ± 4.3 and all patients had severe hirsutism (mFG ≥15). Change in voice (n = 11) and clitoromegaly (n = 7) were the other most common virilising symptoms. Duration of symptoms varied from 4 to 48 months. Median serum total testosterone level at presentation was 5.6 ng/mL with severe hyperandrogenemia (serum testosterone ≥2 ng/mL) but unsuppressed gonadotropins in all patients. Transabdominal ultrasonography (TAS) detected VOT in all except one. Ten patients underwent unilateral salpingo-oophorectomy whereas three patients (peri-or postmenopausal) underwent total abdominal hysterectomy and bilateral salpingo-oophorectomy. Seven patients had Sertoli Leydig cell tumor, three had steroid cell tumor and two had Leydig cell tumor and one had miscellaneous sex cord stromal tumor. All patients had normalization of serum testosterone after tumor excision. In conclusion, VOTs present with severe hyperandrogenism and hyperandrogenemia. Sertoli Leydig cell tumor is the most common histological subtype. Surgery is the treatment of choice with good surgical outcome.
Introduction
Ovarian tumor is an important cause of morbidity and mortality, especially in middle-aged women. Ovarian tumors are broadly classified into epithelial and nonepithelial tumors, of which epithelial tumors are common. Nonepithelial malignancies of the ovary account for less than 10% of all ovarian cancers (germ cell tumors: 5%; sex cord stromal tumors: 3-5%) (1) . Less than half of these nonepithelial tumors secrete hormones which can produce either estrogenic or androgenic manifestations.
Hyperestrogenic manifestations are age dependent. Prepubertal girls usually present with gonadotropinindependent isosexual precocious puberty whereas women in reproductive age group or postmenopausal age present with irregular and excessive uterine bleeding (2) . Hyperandrogenic (HA) manifestations include menstrual abnormalities, hirsutism and varying degrees of virilization (temporal balding, deepening of voice, decreased breast size, increased muscle mass, loss of female body contours, clitoral enlargement (clitoral length >10 mm)). Virilising ovarian tumor (VOT) is a rare cause of HA but HA is an important clue for the early diagnosis of these potentially malignant tumors. A prompt diagnosis of these potentially malignant ovarian tumors and developing an appropriate treatment strategy, considering multiple factors like patient age, stage of the tumor, histopathology and future fertility prospects, is essential. However, literature on hormone-secreting ovarian tumors is limited to case reports and series reporting single pathological type. In this study, we analyzed the clinical, hormonal, radiological, histopathological, management and outcome data of the VOTs.
Methods
This retrospective study was conducted at the Department of Endocrinology of a tertiary health care center from western part of India. Patients with histologically proven VOTs presented to our department between 2002 and 2018 were included in the study. Approval of this retrospective study with waiver of consent was obtained from Institutional Ethics Committee (IEC II) Seth GS Medical College and KEM Hospital. As a part of department protocol, informed consent for the photograph, publication of their clinical details and/or clinical image was taken at the time of presentation.
Case records of the patients fulfilling the inclusion criteria were reviewed and patient information including age of presentation, onset and duration of symptoms, clinical features (menstrual abnormalities, hirsutism and signs of virilisation), hormonal evaluation (folliclestimulating hormone (FSH), luteinizing hormone (LH) and testosterone), imaging details (transabdominal sonography, computed tomography/magnetic resonance imaging), surgical details and follow-up of the patients were collected.
Hormonal measurements were carried out by chemiluminescence assay (Advia Centaur CP). Intra-assay and inter-assay coefficients of variation were less than 8 and 10%, respectively, for estimation of all hormones.
Statistical analysis was done using SPSS version 23. Categorical variables are expressed in actual numbers and percentages. Continuous variables are expressed as mean ± s.d. or median and range. Continuous variables between the two groups were compared using independent t test or Mann-Whitney U test as appropriate whereas categorical variables were compared with Fisher exact t test or chi-square test as appropriate. Correlation between two variables was calculated using Pearson's correlation coefficient (r). P value <0.05 was considered statistically significant.
Results
Our study included 13 patients of VOT. Out of 13 patients, two were postmenopausal. All patients in reproductive age group had secondary amenorrhea except one who presented with primary amenorrhea (Fig. 1) As shown in Table 2 , transabdominal ultrasonography (TAS) was the initial investigation in all patients suspected VOT. It detected lesions in all except two. Case no 3 had no evidence of neoplasm on TAS. She underwent transrectal sonography which showed a solid tumor. Case no 9 had undergone transvaginal sonography as the initial investigation (Fig. 2B) . In other three patients, although ultrasound identified the ovarian tumors, missed the cystic (n = 2) or solid (n = 1) component of solid cystic tumors. Additional imaging in the form of either MRI and/or CT pelvis was done in all patients as a part of operative workup (Figs 3C and 4B). In most of the patients USG findings were confirmed on CT/MRI. The lesion was detected on CT in the patient who had normal TAS. CT detected an additional cystic component in a patient who had a solid tumor on TAS. CT and MRI missed cystic and solid component in one patient each which were detected on gross pathology. Maximum tumor diameter was 5.1 ± 2.9 cm. Maximum tumor diameter of solid cystic tumors was apparently higher than that of solid tumors but the difference was statistically insignificant (6.76 ± 3.84 vs 3.67 ± 0.39 cm, P = 0.079). There were no significant differences in age, duration of symptoms, mFG, serum total testosterone and histology between solid and solid cystic tumors.
All patients except two (case no 4 and 9) underwent laparotomy. Case no 4 and 9 underwent laparoscopic excision. Ten patients underwent unilateral salpingo-oophorectomy whereas three patients (one perimenopausal and two postmenopausal patients) underwent total abdominal hysterectomy and bilateral salpingo-oophorectomy. None of the patients were given chemotherapy.
Seven patients had Sertoli Leydig cell tumor ( Fig. 2A , B, C and D), three had steroid cell tumor (Fig. 3A , B, C, D and E) and two had Leydig cell tumor (Fig. 4A , B, C, D and E) and one had miscellaneous sex cord stromal tumor ( Fig. 5A and B) . Patients with Sertoli Leydig cell tumors were significantly younger than those with Leydig cell tumors (21.14 ± 4.7 vs 49.5 ± 14.84 years, P = 0.002) and had a tendency for lower mFG scores than those with steroid cell tumors (24.43 ± 3.3 vs 30.67 ± 6.02, P = 0.06). No other correlations between clinical features and histological subtypes were significant. There was a significant positive correlation between serum total testosterone and tumor volume (r = 0.86, P = 0.01).
Patients were followed up to a mean duration of 8.8 ± 8.4 months. In four patients, normalization of testosterone was documented in the immediate postoperative period (3-7 days) and was re-confirmed on follow-up at 3 months, whereas in all other patients, normal serum testosterone was documented after 3 months of surgery. On follow-up, all patients who presented with secondary amenorrhea resumed menses between 2 and 4 months after tumor excision. The lady with primary amenorrhea attained menarche 6 months after tumor excision. Modified F and G scores were reduced from 24 ± 4.3 to 13.4 ± 3.8 and 5.7 ± 2.9 at 6 months and 12 months after tumor excision respectively. Improvement in voice change was noted in three patients. All patients were alive at the last follow-up.
Discussion
We report the clinicopathological profile of 13 VOT cases from a single center. To the best of our knowledge, our series is one of the largest series of VOT and provides an overview of clinical presentation, hormonal abnormalities and management of this uncommon disorder.
HA commonly manifests as hirsutism which can be a presentation in common conditions like PCOS. In our series all VOT patients in the reproductive age presented with severe menstrual abnormalities (secondary amenorrhea or primary amenorrhea) whereas severe hirsutism (mFG >15) and at least one of the features of virilization (clitoromegaly, deepening of the voice and breast atrophy) were present in all patients. Hence, in any PCOS woman presence of one of these features should raise the clinical suspicion for VOT. Rapid onset and progression of hirsutism is a typical presentation of ovarian or adrenal androgen-secreting neoplasms (3). However, in our series, although majority had symptom duration of ≤12 months, four patients had symptom duration of 3-4 years. This may be due to late presentation of few VOT patients in our study. Nevertheless, none of the patients in our study presented with palpable abdominal mass or pain which contrasts with the presentation of epithelial ovarian tumors. This may be due to early diagnosis of functional tumors. Though in literature, patients with Sertoli Leydig cell tumor have presented with hyperestrogenic manifestations, none of our patients had those features (4). Although all patients had severe hyperandrogenemia, pattern of virilisation varied and there was no significant correlation between serum total testosterone and mFG or any other feature of virilisation. This suggests that the sensitivity to elevated serum testosterone varies widely, not only among different women but also at different androgen-sensitive areas of the same woman (5). Modified F and G score was significantly higher in women with clitoromegaly suggesting the possibility of similar sensitivities of hair follicle and clitoris to androgens.
Hyperandrogenemia in postmenopausal women is a rare condition. Postmenopausal HA can be tumor-or nontumor related, with pathology residing either in the ovary or adrenal gland (6) . Ovarian hyperthecosis (OH) and VOT are most common causes of HA in these patients (7) . It may be challenging to differentiate between VOT and OH as there can be a considerable overlap in their presentation. One study showed that the age of presentation, onset and duration of symptoms, presence of hirsutism, alopecia and clitoromegaly do not help to differentiate the two conditions but presence of change in voice and muscle hypertrophy favor the diagnosis of VOT over OH. In our study also both the postmenopausal women had deepening of the voice. In addition, both the patients had breast atrophy. However, the latter finding is unlikely to differentiate the two conditions since the estrogen deficiency in postmenopausal women is more likely to contribute to breast atrophy than hyperandrogenemia. Degree of serum testosterone elevation can be useful for diagnosis of cause of HA. It is very uncommon for PCOS to have testosterone level >1.5 ng/mL (8), whereas serum total testosterone level >2 ng/mL or more than 2-3 times the upper normal range in most of VOT (9) . All patients in our series have testosterone >2 ng/mL which is in agreement with the previous literature. Thus, in virilised patient with serum testosterone >2 ng/mL with normal DHEAS levels and no evidence of 21-α hydroxylase deficiency are strong indicators of VOT (10) . Study done by Hai Yan Zhang found that the median level of testosterone concentration was as high as 9.75 ± 6.86 ng/mL (range 3.6-21.9 ng/mL) before excision of VOT and reduced to normal level with in the 10 days after the surgery (11) . Although lower serum total testosterone cut-offs (1.0-1.4 ng/mL) (12) have been suggested to differentiate OH and VOT in postmenopausal women, a recent study by Yance et al. questioned diagnostic accuracy of these cut-offs. In fact, the study demonstrated that one-third of women with OH may have a testosterone greater than the classical cutoff (2 ng/mL), questioning the accuracy of this higher cutoff also. In their study the best discriminating serum total testosterone level was 3.12 ng/mL. However, this cut-off had sensitivity of 76.9% for VOT which suggested that use of this cut-off may miss nearly one-fourth of VOT. Hence, use of the classical cut-offs (2 ng/mL or 1.5 ng/mL) may yield better sensitivity.
None of the patients in our series had suppression of gonadotropins despite severe hyperandrogenemia. There is no evidence of gonadotropin suppression by VOT so far (13, 14) . However, both postmenopausal women with VOT in our study had low-normal gonadotropins for the postmenopausal status. FSH level <35 mIU/mL has been suggested to favor the diagnosis of VOT in postmenopausal women (15) which was observed in both of our patients. However, the study by Yance et al. (12) demonstrated best discriminating FSH level as 22.3 mIU/ mL but again compromising the sensitivity to 77%. Use of this cut-off would have missed both of our patients. Hence, use of a higher FSH cut-off (35 mIU/mL) may have higher sensitivity for VOT.
Ultrasound (US) is often the first imaging study performed in the evaluation of a suspected ovarian lesion because it is widely available, well accepted by patients, non-invasive and of low cost. Transabdominal sonogram could detect the tumor in all patients except one in whom the lesion was detected by TRS. This suggests TRS as a more sensitive imaging modality for diagnosis of VOT than TAS. Although transvaginal USG provides better diagnostic sensitivities, it was not performed in our patient with negative transabdominal USG since she was unmarried. Although, TAS had high sensitivity, it completely missed the lesion in one and cystic or solid component of the solid cystic tumors in three. All our patients underwent additional imaging (CT pelvis or MRI pelvis) as a part of preoperative mapping of the disease. CT/MRI not only detected the tumor missed by TAS but also detected the missed cystic components of the solid cystic tumors. In a study done by Yan Liu et al., the sensitivity, specificity and accuracy of combined application of ultrasound and CT were 89, 94.7 and 91.7% (16) , which were higher than those of either ultrasound or CT in the diagnosis of pelvic mass. In the evaluation of adnexal masses indeterminate on ultrasound, assessment with contrast-enhanced MRI increases sensitivity to 81% and specificity to 98%. Hence, combined application of USG and CT scan/MRI has incremental value in accurate diagnosis of pelvic mass.
Surgery is the main stay of treatment. Decision about the extent of surgery is guided by stage of tumor, differentiation and future fertility. Fertility-sparing surgery (unilateral salpingo-oophorectomy) with or without standard staging surgery or total abdominal hysterectomy with bilateral oophorectomy are the various surgical approaches (17, 18) . Brown et al. reported 31 patients affected by SLCT and five had their lymph nodes removed. None had positive nodes. 9/31 (28%) recurrence and none had nodal metastases at the time of recurrence. Authors concluded that lymph node metastases are rare, and lymphadenectomy may be omitted during the staging procedure (19) . As observed in our study postmenopausal women are usually treated with concomitant hysterectomy with bilateral salpingooophorectomy whereas those with ruptured capsule are subjected to BPLND and omentectomy with uni-or bilateral salpingo-oophorectomy. In our cohort, 11 patients underwent laparotomy and 2 underwent laparoscopy. A retrospective analysis of Sertoli Leydig cell tumors showed that although surgical effects are similar between laparotomy and laparoscopy, the latter had advantages in terms of cost, blood loss and postoperative recovery (4) . Due to limited information about the effectiveness of postoperative therapy, adjuvant therapy remains questionable and requires further evaluation. However, current accepted treatment recommendations are to treat with platinumbased adjuvant chemotherapy any patient with grade 2-3 disease, any patient with an advanced stage disease and any patient with heterologous elements (20) . Radiotherapy is of unknown beneficial value. None of the patients in our study were subjected to chemo-or radiotherapy.
In our study, Sertoli Leydig cell tumor was the most common cause of VOT which is in accordance with the previous literature. As observed in our study these tumors occur at relatively younger age than Leydig cell tumors. All Sertoli Leydig cell tumors were well or intermediately differentiated. None of the VOT in our series was malignant. Neither the type nor the differentiation of the tumor had any effect on serum testosterone level or degree of virilisation. Serum total testosterone level had correlation with tumor volume rather than histological subtype. During the follow-up of these patients, after the tumor removal, patients noticed improvement in their symptom complex and there was a documented fall in the testosterone levels to the normal range in the postoperative period with improvement in their hyperandrogenic symptoms. Although voice change is considered as an irreversible symptom of HA, many of our patients reported partial improvement in voice.
The study was limited by small number of subjects. However, it is relatively a good sample size for a rare disorder like VOT, that too from a single center. The study was also limited by the retrospective design.
Conclusion
VOTs present with severe hyperandrogenism and hyperandrogenemia. Hyperandrogenemia correlates with tumor volume. VOT are either solid or solid cystic and Sertoli Leydig cell tumor is the most common histological subtype.
